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government procurement operation, the U. S.
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supplied the said drawings, specifications, or other
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patented invention that may in any way be related
thereto.
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FOREWORD

This repoxt was prepared by the Space and Defense Sciences Department
of the Allis=Chalmers Manufacturing Company, Research Division, Milwaukee 1,
Wisconsin, on Air Force Contract AF 33(657)-8970, Project No. 8173 and Task
No. 817303, The work was administered under the direction of the Flight

sories Laboratory, Aeronautical Systems Division, Wright=Patterson Air
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Force Base, Dayton, Ohic. Mr. Robert L. Kerr is the task supervisor for A.S.D.

The work began 6n 15 May 1962 on an applied research program for the

design, fabrication and test of a 400 watt :pace oriented fuel cell system.

A significant change in scope of this contract by the Flight Accessories
Laboratory, Aeronautical Systems Division, has resulted ih a new work statement

dated 31 July 1962 calling for an orbital fuel cell experiment.

This report represents the work subsequent to the Second Quarterly Technical
Progress Report and covers the period of 1 November 1962 to 31 January 1963,
and is being submitted as the Third Quarterly Technical Progress Report as part

of the contraét commitment.

Management direction at Allis-Chalmers includes Mr. W. Mitchell, Jr.,
Director of Research, and Mr. D. T. Scag and Mr. W. W, Edens, Assistant
Directors of Research. The project is supervised by J. L. Platner, Section Head
and P. D. Hess, Chief Engineer. Mr. N. P. Bannerton is the Project Leader.

L. Donelan, Senior Engineer, is responsible for engineering design,

The report was written by N, P, Bannerton, R. Chesner, L. E. Donelan,

E. L. Laskey and J. C. Prestridge.

(1)
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ABSTRACT

The testing of two laboratory model fuel cell packages and evaporative

cooling studies for thermal management of the package are discussed.

The design of fuel cell Orbital Package No. 1 has been completed and two
packages have been fabricated and assembled. Orbital Package No. 1,
Serial No. 1, is at A.S.D., Dayton, Ohio, undergoing testing for heat loss
investigations at various environmental conditions. Orbital Package No. 1,
Serial No. 2, is at Allis-Chalmers Research Laboratories undergoing operational

testing prior to environmental qualification tests.

Thermal management studies of the package are continuing.
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The object of this program is to evaluate the operation of a capillary type
hydrogen-oxygen fuel cell while operating in an earth orbit. The Second Quarterly
Report under this program discussed the objectives of the program and the center
line design of the fuel cell orbital package.

This report covers the completion of Phase I of this program and part of
Phase 1II. Phase I consisted of preliminary investigation of the design and

fabrication of a fuel cell orbital package.

Phase III has been started and will consist of thé operational testing of the

orbital package and performance of the environmental qualification tests. During

-this phase a second orbital package will be designed and fabricated based on

information gained from the environmental testing.

Phase IV provides for the integration of a fuel cell package into a launch
vehicle and the interpretation of telemetered data from the mission to evaluate

mation gained during the program into a composite conceptual design of the

capillary fuel cell for a space vehicle electrical energy source,
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2.0 LABORATORY EXPERIMENTS

Preliminary investigation of a capillary type fuel cell for an orbital
experiment consisted of the design and construction of two laboratory models to
test the performance, control and the cooling system. The design and construction
of these models were described in the Second Quarterly Report. Two units of
Model No. 1, Serial Nos. 1 and 2, were fabricated as shown in Figures 1 and 2.
Serial No. 1 was checked for performance in the Allis=Chalmers Research
Laboratories and then sent to A.S.D. Dayton, Ohio for motion tests. Serial No. 2
was used in the laboratory mainly for a series of tests using evaporative cooling

to absorb the heat generated in the fuel cells.

2. 1 Orb1ta1 Fuel Cell Pac age, Laboratory Model No. 1
The first unit Serial No. 1 of this model fuel ¢ell was initially tested
at the Allis=Chalmers Research Laboratories on 22 and 23 October 1962

for performance and the data is shown in Tables 1 and 2; The unit was

were carried out at room te'mperature between 16 November and 14 Dec=
ember 1962. For these tests the water tank was filled with water (approx=
imately 15 pounds) and the total weight of the package was 36.5 pounds.
The 15 pounds of water was estinm ted sufficient for 5 days operation.
Length of the fuel cell experiment was later reduced to approximately

52 hours, thereby reducing the tank size and weight of water proportionally.
Serial No. 1 of Model No. 1 was later returned to Allis-Chalmers
Laboratories for performance testing, the results of which are shown in

Table 3,

2. 1.1 Performance Tests
The electrical capacity test performed on 22 and 23 October 1962
were the first tests on a package configuration. It was apparent
that the package was suffering from insufficient compression

upon the cells,

-2



2.0 Continued

2.1. 2

Additional clamping by using "C'" clamps markedly improved the
cell performance. Data shown in Tables 1 and 2 was obtained

with the package clamped.

The package capacity on 22 October 1962 was 49. 4 watts at 1,52
volts and on 23 October was 53, 2 watts at 1. 66 volts, Improve=
ment in capacity of the 23 October 1962 test probably was due to
variation in the uniformity of clamping.

These tests served as the prior operation tests subsequent to
motion testing.

Vibration Tests
Vibration test of Serial No. 1, Model No. 1, was carried out by
using the mounting holes in the hydrogen end plate for attaching
the package to the vibration test jig which in turn was fastened
rigidly to the shaker table. An M.B. C-25H vibration shaker
system was used to provide the dynamic inputs. The lower
frequency (5 - 14 cps) vibration test was not carried out.
Inputs were:
Frequency, cps Acceleration
14 to 400 + 50g
400 to 2,000 + 7.5g

Maximum output responses of the package were recorded using
Endevco Model 2226 accelerometers. These outputs are shown
in Figures 3, 4 and 5 for the three axes, The position of the
package during each test is shown on the respective curve.

No noticeable resonance or damage to the package occurred
during these tests.
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2.0 Continued

2,6 1.3

2. 1.4

2. 1.5

Shock Test
Following vibration test, the fuel cell package was subjected to
three impact shocks in each direction along each of the three
mutually perpendicular axes using the same mounting arrange-
ment, A total of eighteen shocks were imposed, each shock having
an intensity of 40 g's and a time duration of 8 milliseconds. The
half sine pulse wave form showed the intensity and time duration
of the shock:. A Barry Varipulse shock machine was used for the
shock tests.

No noticeable damage occurred to the package during these tests.

Acceleration Test
The acceleration test of the fuel cell package was carried out on
a centrifuge. The 10 minute accelerations were 15 g perpendicular
to the plane of the fuel cell and 2.5 g parallel. No noticeable damage
occurred to the package during these tests,

Conclusions
Motion tests were performed to determine if the capillary type
fuel cells in package configuration would be susceptible to
damage during the launch period of an orbital mission. The
performance tests that preceded and followed the motion tests
were conducted at various levels of load from 10 watts to 80 watts
to determine the effect of the motion tests, Contract requirement
is for a 2 cell package producing 35 watts output. However, the

cells were designed for 50 watts.

The post motion operational test on 16 January 1963 (Table 3)

showed no deterioration in cell performance when compared to the

22 October 1962 performance test. Comparison of the post
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2.0 Continued

operational test with the 23 October 1962 performance test shows
about an eight percent difference in capacity. These comparisons
are shown below.
Prior Tests
22 October 1962 1,52 volts 49. 4 watts
23 October 1962 1. 66 volts 53, 2 watts
Post Tests
16 January 1963 1, 53 volts 49, 0 watts
The reduced capacity of the post test over the second prior test
does not necessarily indicate a loss in performance of the cells
as the motion tests were performed with the gas manifolds inad=
vertently left open to the atmosphere and the time interval be=-
tween operational tests was quite long (twelve weeks). There
were no other indicated failures or damage; and this séries of

tests was considered satisfactorily concluded.

2.2 Evaporative Cooler Tests

Model No. 1, Serial No. 2 fuel cell package was constructed and tested
for electrical output as described in the Second Quarterly Report. This

package was then used for two evaporative cooler tests.

2.2.1 Tube Type Cooler
In November a test was conducted for a short period with the
originally designed evaporative cooler. This consisted of a tank
containing water that would be expelled by a bladder through small
holes into a tube surrounding the cells and then exhausted to space
vacuum through a relief type valve. The outside of the tube was
covered with asbestos and it was planned that the evaporation of
the water would take place at the surface of the asbestos when the
relief valve was vented at the vapor pressure of the water and the
desired temperature of 200°F,
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2.0 Continued

Some difficulty was initially encountered with the relief valve
sticking. After cleaning and freeing up the relief valve, the

system operated satisfactorily, maintaining a cell temperature

of 205°F, for a period of several hours before it was shut down

for the week end. When the package was restarted, it was found
that the asbestos surrounding the perforated tube in the cooling
annulus had become hard and dry and was completely blocked.

This condition resulted from the use of an impure grade of asbestos.
This test was terminated and the cooling system modified for the

next test.

Absorbent Cotton Cooler
The second cooler test with Serial No. 2 package consisted of a
new design water storage tank filled with water saturated cotton and
bolted directly to the base plate, see Figure 6. The cotton was
pressed against the cells and held in place with a fine screen. A
controlled pressure space was left at the top of the tank for the water
vapor. Venting of this space to a vacuum was controlled by a thermo-
statically operated solenoid valve during the first test, see Figure 6.
Although the cooler was not attached to the cell in the most advanta-
geous way, from a heat transfer standpoint, it was possible to
maintain temperature gradient across the cell within 10°F at almost
a constant mean temperature. This control was tested with the
cooler dissipating 80 watts in excess of the heat loss through the
insulation. The cooler control was modified in the second test,
Figure 7. The thermostatically controlled solenoid valve was
replaced by a pressure controlling relief valve for venting the
cooler. Since pressure control within the cooler also controls the
temperature of the cooler, it was merely necessary to adjust the
relief valve until the cell temperature was maintained at the
desired level. This method proved to be equally as satisfactory
as the thermostatic control.
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2.0 Continued

This series of tests proved that an evaporative cooling system
could be used to absorb the heat produced by the fuel cells and
uniformly control the ternperature. Studiés and tests in the use

of this method of evaporative cooling are continuing.

2.3 Orbital Fuel Cell Package Laboratory Modei No. 2

Laboratory Model No. 2 as described in the second Quarte rly Report was
assembled and performance tested. The electrical output of this model was
similar to that of No. 1. It was found that the performance of both Models

No. 1 and 2 could be improved by a more uniform clamping across the cell
area. Model No. 2 was used for further cooling and temperature control
testing and for operational testing of package components considered for the
final orbital package design. Figure 8 shows a photograph of Model No. 2.
2.3.1 Flash Evaporative Cooler Tests
Tests were made to evaluate the ability of two flash evaporative
cooler plate configurations to remove excess heat and maintain
the fuel cell at a constant temperature when operated at a reduced
pressure. A bellows-type pressure relief valve was used to control
the cooler pressure, see Figure 9. The flow of water to the cooler

was controlled by an expanding liquid type valve. See Figure 10.

Temperatures were recorded by thermocouples which were
attached to the cooler, the temperature control valve, the water

storage tank and the cooler outlet tubing.

2.3.2 Straight Slot Design
Test on this design consisted of test runs at total power inputs of
30, 50, 75, 100 and 125 watts. The length of each run was 2 hours.
Prior to the start of the test runs, heat loss through the insulation

was determined to be 20 watts.
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2.0 Continued

Test results indicate cooling at all points on the cooler. The
following table summarizes the temperature managéement results
of this test.

MAXIMUM TEMPERATURE VARIATIONS (On Cooleér)

Any Thermocouple All Thermocouples
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75 watt 0.9°F
100 watt 9.5°F
125 watt 9.0°}

Entire test 10. 9°F
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The test was made with a higher vacuum on the cooler than was
desired. The flow of water through the temperature control valve
was excessive and the increased vacuum was necessary to prevent
flooding of the cooler with liquid water. This increased vacuum
caused some subcooling and resulted in increased temperature
variation. Operation of the temperature control valve became
increasingly erratic as the power input increased, During the

75 watt run, some liquid water was drawn from the cooler. Flow
of liquid water increased during the 100 watt run. Weight loss was
large during the first hour of the 125 watt run, This was due to
flooding of the cooler several times by the temperature control
valve,

Primary objective of the test, the feasibiliiy of flash evaporation
cooling, was achieved even though the temperature variation was
higher than desired, It appears that the variation was due to the
erratic operation of the temperature control valve which was not
the valve design to be used in Orbital Package No, 1. This test
was discontinued to try a different evaporator plate design.

Wbt wt A w0 %
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2.0 Continued

2.3.3 Diagonal Slot Design

Test on this design was similar to the test on the straight slot
design except the slots were diagonally across the plate and
the insulation 1088 was 28 watts.

Results of this test indicate cooling at all points on the cooler.
The following table summarizes the temperature test results.

MAXIMUM TEMPERATURE VARIATIONS (On Cooler)

Cooler Heat Burden ‘Any Thermocouple All Thermocouples

35 watt 2. 0°F 2.4°F
50 watt 7. 2°F 9.7°F
75 watt 9.0°F 13, 2°F
100 watt 15, 0°F 15, 0°F
125 watt 16, 5°F 19.8°F
Entire test 23.6°F 25.1°F

Operation of the temperature control valve was erratic throughout
the test. Observation during the test indicated that the valve would
open properly for several cycles and then would stick allowing the
temperatures to rise several degrees before opening. Upon opening,
the valve would over-travel allowing an excessive flow of water to
the cooler, This condition required operation at a higher cooler
vacuum which caused some subcocling. Liquid water was drawn
from the cooler during all runs with the amount increasing as the

power input increased.

This cooler design was also satisfactory for removing excess heat

and maintaining a fuel cell at a constant temperature. While the

temperature variation was higher than that for the straight slot

design, this increase appears to have been caused by the less

satisfactory operation of the temperature control valve.

-9 -




2. 0 Continued

The very small flow of water required to the evaporator plate

for this heat load is the limiting factor for control within the

continued in favor of the tests on Orbital Package No. 1.
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3.0 ORBITAL PACKAGE NO. 1

Considerable time was spent in the third quarter in the design of Orbital
Package No. 1 to include the improvements indicated by the tests on the
two laboratory models. The first unit Serial No. 1 of this model was
assembled and tested.

Tests werée successful in proving the suitability of the cell construction by
obtaining rated fuel cell performance, but some difficulty was experienced
with the auxiliary equipment, especially the solenoid valves. Space oriented
auxiliaries were not available and as such these troubles were expected.
With the availability of this package a decision was made to substitute this
package for the heat loss testing at ASD in place of the scheduled Laboratory
Model No. 2. Orbital Package No. 1, Serial No. 1, was shipped to Dayton on
11 January 1963. The results of these tests will be reported in the next
Quarterly Report.

Orbital Package No. 1, Serial No. 2 was constructed and checked out before
being mounted in the test fixture on 30 January 1963, The fixture and package
was insulated and prepared for testing prior to environmental testing. New
manifolds were included in this package to use the type of solenoid valves
intended for use in the final package. The arrangement and size of this

system is indicated by Figures 11 and l2.

Design of Orbital Package No. 1, see Figure 12, resulted from a number of
changes in Model No. 2 shown in the Second Quarterly Report. A diagram,of
the system is shown in Figure 13, One of the major changes was in the water
storage tank for the cooling system. Another was separate gas manifold
blocks to allow the space oriented components to be adopted when they became
available, The components selected for this package and the other modification
to Model 2 are listed below.

B i’
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3,0 Continued

3.1 Components Selected

3. 1.1 Thermostatic relays for temperature control of the fuel cell
package were tested and found to operate satisfactorily in a
laboratory set-up. Six sets were obtained from G. V. Controls,
In¢, and are arranged in matched pairs set to maintain fuel cell
temperature in the range of 190°F to 200°F by application of
cooling and heating with a 4°F dead band between heater and cooler

operation.

3. 1. 2 Pressure transducers were obtained from the Colvin Laboratories Inc.
and should be suitable for our application. Additional transducers
for the orbital packages were ordered to our specification 1-SK-62309-2,
Two transducers failed to date from apparent over pressure.

3. 1, 3 Solenoid valves to our specification 1:SK-62284-1 were ordered
from The Weatherhead Company. Back-up valves are being
ordered from Whittaker Controls and Guidance Company,

(Division of Telecomputing Corporation).

3. 1.4 Absolute Pressure Regulators to our Specification 1-SK-62296-3
were ordered from the Scott Aviation Company with a back-up

regulator ordered from the Firewel Company.

3.1.5 Zero pressure reference relief valves have been ordered from
the Scott Aviation Company. Absolute pressure relief valves have

been ordered from the Firewel Company.

3. 1.6 Explosive valves to our specification 1-SK-62289-1 have been

ordered from Conax Corporation,

ordered from the Atlas Chemical Industries,

3. 1.7 Explosive switches to our specification 1-5SK-62288-3 have been

elg-




3.0 Continued N

3. 1.8 Load relay for switching the load were obtained from Guardian
Electric. These relays wére satisfactorily tested in our laboratory
for a week continuously.

3.2 Design Changes from 2nd Quar;eﬂv Report

A number of minor design changes have been made in the last quarter

and they are listed herein for record purposes.

3.2.1 The wax used to impregnate the edges of the asbestos electrolyte
holders has been eliminated. An improved method of sealing has
been obtained with regular gasket material. This provides a
a second advantage of eliminating possible wax flow under excessive

temperatures.

3. 2.2 Fuel cell end plates and manifolds were redesigned for weight
reduction. This involved thée removal of the double sealing in
favor of the single sealing method which in turn allowed for re-
duction in plate size. The same mounting method and dimensions
was obtained by a reduction in size of explosive valve and rerouting
of the flow arrangements.

3.2.3 Voltage Controller
Four units of the voltage controller described in the Second
Quarterly Report were assembled. These units have been used
to control the hydrogen and oxygen solenoid exhaust valves during
the testing of the fuel cell packages. Operation of these controllers
has been satisfactory. However, the units were designed and built
to use germanium transistors, which are not considered suitable for
space application. A new model using silicon transistors has been

breadboarded and satisfactorily tested at room temperature.

- 13-




3.0 Continued

3.2.4 Some minor changes were made in the fuel cell wiring and
temperature control diagram from the Second Quarterly

Report. The latest diagram is as shown in Figure 14,
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4.0

INTERFACE RELATION WITH VEHICLE CONTRACTOR

Meetings with the vehicle contractor have supplied interface matching between
the two organizations without difficulties but a few points yet remain to be
resolved, In general, the interface has been established on the cell itself with
the vehicle manufacturer supplying the reactant, venting and tubing to the

cell, This coupling tubing will be 1/4 inch. Electrical interface shall be at
connectors with each organization supplying half of the connector. Mechanical
mounting shall be by means of 5 bolts on each side of the cell. The cell shall
be thermally isolated from the vehicle. A temperature environment will be
established on an enclosure surrounding the fuel cell,

4.1 Thermal Management Studies of Orbital Package

A number of methods could be used for temperature control of the fuel
cell module in orbit. The method to be used must be the most suitable

considering the numerous uncertainties of the installation at this time.

The first method analyzed entailed the study of a fuel cell module while
exposed to incident heat fluxes in orbit (uncontrolled environment). The
fuel cell would be insulated from thermal conduction to the vehicle. A
layer of insulation would be utilized along with a surface finish mosaic

to provide radiant thermal control of the system when exposed to a wide
range of heat fluxes in space. To maintain the fuel cell package tempera-
ture, thermostats would be used to switch the cell electrical power output

to either internal heaters or external load resistors.

The first describes the rate equation for energy transferred through the

insulation,

(1) = = = Qernal * % * QUux ¥ Dlect =A—x—K— A(Te =Ty )

=15 =
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4,0 Continued

Qé = energy dissipated in the fuel cell due to its
inefficiency, 78.5 Btu/h¥r.
Q,,x = auxiliary power from components, such as
solenoids, which is dissipated internally,
34. 0 Btu/hr.
Qéléet = gvefage electrical power dissipated in
internal heaters, Btu/hr.
K = thermal conductivity of maulatmn ltu
AX mean conduction path length hr 1t2

A_ = mean conduction area through 1%
insulation, 3. 21 ft2

t. = cell temperature, 200°F,
t, = surfacttemperature of insulation, °F.

This equation indicates the surface temperature of the insulation to allow
the internal energy dissipated in the cell to be removed by conduction to
the surface of the insulation. Figure 15 is a plot of equation 1 for various
values of internal heater power.

The second equatmn is an energy balance at the surface of the insulation,

equal the energy xad;ated to ;pac;e.

, = B
(2) = = = Qinternal * Qexternal = A FaFeTs

1]

Qextemal, K Ap S.C. (Assuming the solar input is

the only significant heat rate)

of = Solar absorptivity of surface
Ap = Projected area for solar 1,26 ft;

Solar constant, 443 Btu/hr f,tz

N
o
1}

]
!
o
]
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4,0 Continued

d = Stefan Boltzman constant, . 173 x 108
Btu/hr ftz °R4

A, = Surface of 1" insulation 4,03 1t

F, = View factor to space, 0.7

Fe = Emissivity factor to space = (§) emissivity
' of surface = 0.9

T, = Surface temperature of insulation, °R

Qiﬁtéi‘ﬁal as defined in equation (1), Btu/hr

This equation establishes the surface temperature of the insulation based
on a net heat flux of zero. Figure 16 depicts the surface temperature as a
function of external heat rate for various average internal heater powers.
(Note that any significant heat flux from the vehicle can be lumped with
the solar input té6 obtain Q external. )

With figures 15 and 16 available, to obtain a solution, consider the
following example,

(1) Decide on the maximum amount of average power to be dissipated
internally', e.g., 20 watts, (2) From Figure 16 determine the surface
given internal power, for 20 watts t = =10°F, (3) From Eggure l5
determine the conduction factor whlch corresponds to ty obtained above,
K/AX = 0.28 Btu/hr ft°

a vertical line at that value., The surface temperatures can then be

*F, (4) Knowing the condu,ct;on factor, draw

curves. (5) Grosg plot ts versus mtemal power on Fzgurc .16. The re-
sulting dashed curve shown describes the amount of heater power needed
for any given external heat rate, External heat rate must be held below
the amount corresponding to the surface temperature when the internal

heater power is zero. In this case, the surface temperature is 65°F

-17-a-
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4.0 Continued

This means that the required surface finish must have an absorptivity

of less than 0. 4 86 that Q extérnal does not exceed 66 watts.

The above method of control would prove to be satisfactory but requires
much detail information on installation, orientation of the module relative
to the sun while in orbit, etc. At this time such information is not
available. The vehicle contractor has agreed to provide an enclosure
around the fuel cell package, the internal surface temperature of which
will not vary outside the limits of =30°F to +165°F specified in the design
contract, Emissivity of the inside surface of the enclosure is to be at

least 0. 8. Thermal design will therefore be based on that environment.

The vehicle contractor will supply the reactant gases within the same
temperature range. Amount of internal energy which will have to be
dissipated from the cell will vary with the supply gas temperature since
some of the power lost in the cell will be used to heat the gages to the

cell temperature. Operating at 50 watté output, at an inlet temperature

of -30°F, the energy dissipated internally will be 22 watts and at 165°F the
energy diseipated internally will be 28 watts.

Having established the environment in which the fuel cell will be
operating, an analysis was made to determine if some thickness of
insulation could be used to control the cell temperature with 35 watts
(guaranteed fuel cell electrical output) of switchable heater power. When
the surroundings are at 165°F, the 22 to 28 watts of internal power plus
10 watts of auxiliary power will have to be dissipated. It was found that
the amount of insulation needed was insufficient to maintain the cell at
200°F when the surroundings are at -30°F and 35 watts are switched
internally.

Use of an evaporative cooler without internal heaters was then considered.
Sufficient insulation could be provided for the fuel cell package to insure

-l.8!
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4,0 Continued

that, regardless of the environmental temperature, more energy would be
produced internally than would be needed to maintain the cell temperature.
Excess energy could then be absorbed by an evaporative cooler. This
method is8 quite feasible but the analysis indicated that the extra weight

of insulation plus cooling water would be éxcessive.

At this point it was decided to investigate a combination heater and
cooler system using various surface finish mosaics on the fuel cell
gurface without insulation.

Since the vehicle contractor has agreed to provide a well insulated mounting,
thermal resistance at least 40 °Rhr , the conduction losses ghould be

less than 6 Btu/hr and may be r:;%ig_c-ted The control problem now be-
comes a radiation interchange supplemented by heating or cooling as
required.

to the enclosure.

. AT 1 -4 L 4
(3) = = - Q.,4iation = AgFpFp (T, Text !

F
e

=  emissivity of cell
€ext =  emissivity of enclosure, 0.8

T oxt =  enclosure temperature, °R

T =  cell temperature, 660°R (200°F)

A =  surface area of the fuel cell module
including cooler tank, no insulation, 3,0 ft
Fp =  view factor to enclosure, 1.0

2

- 19 -




b ena ¥

R n® | o+ wan———

e

4,0 Continued

The energy balance on the cell would be
(4= =-=Q = Q.+ Q. t Q

radiation . control

Qé and Qaux’ as defined for equation (1),

Qéomrel' if positive, represents heater power
required to maintain the cell at 200°F. If

negative, it represents the cooling load on the

évaporative cooler.

Figure 17 summarizes the results obtained by solving equations 3

and 4. Heating and cooling requirements are given in watts on the

left ordinate as a function of the enclosure temperature for various
emissivity factors. On the right ordinate are given the corresponding
mission. (The latent heat of vaporization used was 985 Btu/lb.) Since

35 watts of continuous electrical power output is all that is guaranteed,
and since a minimum amount of water should be carried, Figure 16 shows

that an emissivity factor of approximately 0. 25 would be most suitable.

This means that with an enclosure whose emissivity is 0.8, the effective
emissivity of the fuel cell should be 0.27. This finish can be obtained by
a mosaic of approximately 70 percent aluminum foil and 30 percent black
acrylic paint. If the surface temperature of the cell and tank vary
significantly, the mosaic can be adjusted to give the desired integrated
effect.

An analysis was made to determine if a layer of insulation plus a mosaic
finish would prove to be a better complement to the thermal control
system, using both heaters and cooler. In all cases investigated the

total weight of the control system increased. In addition to the insulation

weight, a larger amount of cooling water was required. Minimum increase

- 2,09




4,0 Continved

in weight over the previous method was found to be greater than 1.0
pound. There are some advantages to this heavier system in that less
heater power will be needed to maintain the cell at 183°F on the launch
pad while being convectively cooled. Also, a more uniform surface

temperature over the outside of the package will be obtained in orbit.

It appears that the most satisfactory system would use no insulation.

The package then is lighter, and a minimum amount of cooling water is
also required. This is due to the cell being easier to cool at higher
environmental temperatures. Using the control described by Figure 17,

it is significant to note that almost no active control will be required when
the enclosure temperature is near the middle of its allowable range.

Work is being continued on the thermal design to establish the temperature
profile of the module in a space environment, the required surface finish

mosaic, and the response of the system.
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5.0 SCHEDULE

A revised Technical Position Chart is shown in Figure 18, as per letter

Testing at Allis=Chalmers Research Laboratories and at A.S.D. has con=

tinued as shown under Items 1 and 2.
Phase II was started on 1 November 1962 as indicated.

For Item 4, design of Preliminary Laboratory Fuel Cell Package, two

model packages were constructed and tested.

Operational tests were performed on the two model packages and Model No. 1
was motion tested at A, S.D.

mid December 1962 as shown in Itém 7.

Preliminary testing of Orbital Package No. 1, Serial No. 1, was started in
December 1962 and this package was sent to A.S.D. in January 1963.
Orbital Package No., 1, Serial No. 2 was constructed in January 1963, and

prepared for environmental testing in February.

Fabrication of Orbital Package No. 2 has not been started,

]
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N

]
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6.0 FUTURE WORK
Environmental testing of Orbital Package No. 1 is scheduled to begin in
February 1963. This testing will bé conducted throughout most of next
quarter. Modification of the fuel cell packages will be carried out as

required. Operational testing of fuel cell packages will continue.

Component testing and evaluation will continue.
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22 October 1962

0. 07 .81
0.15 . 805
0.23 .81
0. 30 .81
0. 37 .81
0. 48 .81
0. 56 .812
1,10 .815
.12 .76
1. 15 .76
1.23 .76
1, 27 . 158

. 879
. 826
.782
. 74

.703
. 822

Cell Temperature:

Cell Pressure:

. 805 1,615
.802 1.607
. 805 1.615
. 805 1.615
.81 1.622
.81 1.625
.76 1.52
.76 1.52
.76 1.52
.762 1.52

.875 1.754
.824 1.65

.78 1.562
. 735 1,475
. 702 1, 405

200°F + 5°F

10.0 psig + 0.2 psi

*Check on voltage versus ampere output.

Amps

21.0
Zla 0
21.0
21.0
21.0
21.5
21.5
21.5
21.5
32.5
32.5
32.5
32.5

10.0
30.0
40,5
50.0

Watts

33.8
33.8
33.9
33.8
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.23 October 1962

Time (Hrs) vy v

0. 11 845 .83

32.0
32.0

(=]
[

32.0
56 2 32.0
37 34.0
.638 34.0
82 .82 1. 64 34.0
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.91 10.0
. 87 .86 1.73 21.0
A .83 1.67 30. 0
. 805 . 795 1.60 42.5
.71 .76 1.53 56. 5

1.10

Cell Temperature: 200°F + 5°F
Cell Pressure: 10.0 psig + 0.2 psi

*Check on voltage versus ampere output.

Vr ~Amps

75
75
575 32.0
565
62

68. 0
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*# Oxygen restriction on Cell No. 1 was closed.

TABLE 3

ELECTRICAL CAPACITY " TEST

LABORATORY FUEL CELL PACKAGE MODEL NO. 1

Watts

17.6
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Time (hrs)

10.
10.
10.
10,
10.
10.
10,
11,
11,
11,

00
00
30
45
46
47
50
00
10
15

TABLE 3 CONTINUED

.818
821
. 796
.812
. 806
. 813
.823
.818

. 769
. 736
. 730
.129
. 696
.722
L7114
. 718
. 722
L7117

Cell temperature - 200°F +5°F

Cell Pressure -

10, 0 psig + 0. 2 psi
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